Background: We used case-control design to compare utilization of health and social services between older decedents and survivors, and to identify the respective impact of age and closeness of death on the utilization of services. Methods: Data were derived from multiple national registers. The sample consisted of 56 001 persons, who died during years 1998-2000 at the age of !70, and their pairs matched on age, gender and municipality of residence, who were alive at least 2 years after their counterpart's death. Data include use of hospitals, long-term care and home care. Decedents' utilization within 2 years before death and survivors' utilization in the same period of time was assessed in three age groups (70-79, 80-89 and !90 years) and by gender. Results: Decedents used hospital and longterm care more than their surviving counterparts, but the time patterns were different. In hospital care the differences between decedents and survivors rose in the last months of the study period, whereas in long-term care there were clear differences during the whole 2-year period. The differences were smaller in the oldest age group than in younger age groups. Conclusion: Closeness of death is an important predictor of health and social service use in old age, but its influence varies between age groups. Not only the changing age structure, but also the higher average age at death affects the future need for services.
Introduction

W
ith population ageing, the demand for health and social services is expected to increase. Several studies have focused on 'red herring' effect; whether health care expenditure depends more on remaining lifetime than on calendar age. The costs in the last year or last months of life have been found to be many times higher than the costs in the earlier phases of life. [1] [2] [3] [4] [5] [6] [7] Only a limited number of studies have concentrated on health service utilization, showing that decedents utilized more hospital services 8, 9 and somewhat more nursing home and home care 3 than survivors in the same age groups. However, both for costs and service use, this relationship is strongly dependent on age. With increasing age people use less hospital care and more long-term care in the last year of life, and the differences between those close to death and other diminish towards the oldest old.
3, 10, 11 In earlier studies, comparisons between the last years of life with others have mainly been done on a group level, between those who died and those who survived in a given age group. However, in old age groups decedents are also older than survivors, mortality is higher among men than women, and local care practices vary, and these factors may impair the comparability between decedents and survivors. To control these factors, we used a case-control design to compare the use of health services between decedents and survivors that were matched for age, gender and municipality of residence.
Both acute hospital care and long-term care were included. In some earlier studies, data have been limited due to sources such as insurance registers. In Finland, one of the major advantages in health services research is the availability of comprehensive national registers that are based on the provision of both health and social services and are considered reliable. 12, 13 This study focuses on the respective effects of age and closeness of death on health and social service utilization in people aged !70 years by comparing service utilization of decedents in the last 2 years of life, and that of survivors in the same period of time. The detailed research questions were:
(1) To what extent does utilization of different health and social services differ between decedents and survivors in age groups 70-79, 80-89 and !90 years, and to what extent is the difference modified by age? Both the proportions of those who used these services and the quantity of services used were studied. (2) How does utilization of different health and social services vary over time for 2 years before death among decedents and in the same period among survivors? How is age associated with this variation?
Methods
Data
A sample of people resident in Finland and dying in the period 1998-2000 at the age of !70 years and their surviving matched pairs were drawn from the Causes of Death Register and the Central Population Register (Statistics Finland). The decedents consisted of two subgroups: (i) All those who died at the age of !70 years in 1998 and (ii) those who belonged to a 40% random sample of all !65-year-old people resident in Finland and dying between 1999 and 2000 at the age !70 years. This sample was drawn from the Central Population Register of those alive on 31 December 1997.
The survivors were picked from the 40% random sample of !65-year-old people. One-to-one matched pairs were constructed of decedents and survivors who were alive at least 2 years after their counterpart's death. The pairs were matched for age, gender and municipality of residence. The purpose was to ensure similar age and gender distribution in decedents and survivors, and to eliminate the effects of municipal service structures on service utilization.
An attempt was made to find an identical match for every combination of variables. Age was considered equal when the difference was AE2 years. Using this limitation, for 90.5% of the decedents a counterpart was found. In Finland almost half of the municipalities have population under 5000, and therefore, it was impossible to find a suitable counterpart for all those living in small municipalities. If a similar counterpart was not found, the decedent was excluded from the analyses.
The data of health and social service utilization were derived from the Care Register for Health Care, the Care Register for Social Welfare and the Home Care Census (National Research and Development Centre for Welfare and Health, STAKES). These national registers were linked using a unique personal identification number. The use of these registers in this study and their linking together has been described elsewhere. 14 The data include (i) inpatient days in hospitals, (ii) days in long-term care and (iii) regular home care (at least once a week). Hospitals include university hospitals, general hospitals (including central, district and private hospitals) and the inpatient departments of health centres if the patient stayed in care <90 days. Long-term care includes residential homes, housing with 24-h assistance for older people and inpatient departments of health centres, if the patient stayed 90 days or more. The 90-day limit between hospital and long-term care is administrative. Long-term care is provided by the public and private sectors. Since the use of private long-term care is minor, public and private care are analysed together. Home care includes both home nursing and home help.
The Ethics Committee of the Pirkanmaa Hospital District discussed the research plan and concluded that they did not object to the research being undertaken on ethical grounds.
Analyses
To ensure that the sample was representative of the basic population, its age and gender distribution was compared with all deaths at the age !70 in the study period 1998-2000 in Finland, using the data from Statistics Finland.
Service utilization was analysed in age groups 70-79, 80-89 and !90 years old separately for women and men. For decedents age at death was used and for survivors age on the day of their counterpart's death. In the analyses, survivors were placed in to the same 10-year age group with their deceased counterparts, although their possible AE2 year's age difference.
We present first the proportion of subjects who utilized different services, and second the quantity of services used. Home care is described only as the proportion of those receiving regular service; the number of home care visits was not available.
Conditional binomial logistic regression analyses were used to compare the likelihood of any hospital or long-term care use, or being a client of regular home care between the one-toone matched case-control pairs. 15, 16 Survival status was used as the independent variable.
The extent of services used is presented first for the entire sample by both the number of stays in care and days per stay; for each individual a ratio of days in care per stays in care was calculated. The figures indicate means and medians of these ratios, which both are presented, since these variables do not follow the normal distribution. In the denominator, also the non-users are included. Wilcoxon's matched pair tests were performed to test for differences in the quantity of services used between decedents and survivors in all age and gender groups. Second, the ratios of the days in care per the stays in care are calculated not for individuals but for the age and gender groups as a whole.
Finally, the average monthly days in hospitals and long-term care were calculated for 24 months before decedents' death and for the same time for survivors in each age group, separately for women and men. The time before death in months was calculated individually for each decedent and the same calendar days were used for the matched survivor.
Descriptive analyses and Wilcoxon's matched pair tests were performed with SPSS (14.0) statistical software package. Conditional logistic regression analyses were performed with Stata (8.2).
Results
Descriptives
The data consisted of 56 001 decedents and their surviving matched pairs, in total 112 002 persons, of whom 66 466 were women (59.3%) and 45 536 men (40.7%). The mean age was 81.1 years, 82.5 for women and 79.1 for men.
The age distribution in the sample differed from that of all of those who died in Finland in those years, with an overrepresentation of the age group 70-79 (42.4% vs. 38.2% in general population), and underrepresentation of those aged !90 (9.0% vs. 15.8%). This is mainly because it was harder to find matched pairs for older people, and those who did not get a counterpart (5878 decedents), had to be excluded from the data. However, this is not likely to affect the reliability of our results, because analyses were done separately in three age groups.
Any use of services
The proportion of those using health and social services at least once during the 2-year-study period and the odds ratios with 95% confidence intervals from conditional regression analyses, comparing decedents with their matched surviving pairs, are shown in table 1.
The general finding was that a larger proportion of decedents used care services in the last 2 years of their lives than did survivors in the same period of time. This was true for men and women and for all three age groups. The only exception was that in the age group !90 years, survivors received home care more often than decedents. The conditional logistic regression analyses confirmed that in each group, the decedents had a much higher probability to use hospital and long-term care services than their matched survived pairs. In home care, there was no statistically significant difference between decedents and survivors among women aged 80-89 and men !90 years. Among women survivors aged !90 years had a higher probability of using home care than their matched deceased pairs.
The age patterns differed between the services. In total hospital use, the difference between decedents and survivors was smallest in the oldest group, because use decreased with age in decedents but increased in survivors. In all, the proportion of hospital users was highest among 70-to 79-years-old decedents and lowest among survivors aged 70-79 and !90 years. The use of long-term care was much more frequent in older than younger age groups, being most common among decedents aged !90 years, and least common among survivors aged 70-79 years. Regular home care also increased with age; it was most frequent among !90-year-old survivors and least common among 70-to 79-year-old survivors. 
Extent of service use
In each age and gender group, decedents had statistically significantly more stays and days per stay in hospitals and long-term care than their matched surviving counterparts. Since most of the services were used by only a minority in each group (especially among survivors), the medians of many services were 0 (table 2) .
Next, the ratio of total days of care per total number of stays was calculated for survivors and decedents in each group. For hospital use the results were similar to the results of the analyses of individual-based figures (table 3) . In long-term care, however, survivors had higher number of days per stay than decedents. A large proportion of those who used long-term care (19.3% for all; 18.8% for decedents and 19.7% for survivors) were living in an institution for the whole 2-year-study period, or longer (analyses not shown).
Variation of service use over time
Among survivors, hospital utilization remained very similar during the 2-year-study period (figure 1). Initially decedents and survivors had approximately the same level of hospital use, but among the decedents, hospital utilization tended to increase in the last months of life. In the youngest age group, inpatient days in university hospital already increased about 1 year before death, but in older age groups only 4 months before death. Use of general hospital started to peak about 4 months before death. Utilization of inpatient care in a health centre also started to increase 4 months before death, and, in contrast to other hospital types, there were no noticeable differences between age groups.
Days in long-term care increased during the 2-year-study period in every age group, most clearly among decedents and slightly among survivors. In the very last months, however, decedents' utilization no longer increased but rather decreased. During the whole 2-year period, both hospital and long-term care utilization was higher among decedents than survivors in every age group.
Discussion
Our findings confirm the results of earlier studies that decedents use health and social services much more than survivors in the same age. Age influences the use of care both in decedents and survivors, but differently in different services. People dying at different ages are cared in different facilities and for different periods of time. Younger decedents were cared for in hospitals more often and longer periods than older ones, and older decedents were cared for in long-term facilities more often than the younger decedents. Among survivors the age differences were not so great, but both their use of hospital and long-term care increased somewhat towards older age groups. The differences in hospital stays and days per stay between decedents and survivors were greatest in the age group 70-79 years and smallest in the oldest age group (!90 years). The decedents were not only more likely to use hospital care, but also needed more days of care. Decedents also used longterm care more often than survivors, but survivors had more days per stay than decedents. Possibly the decedents' long-term care episodes are often interrupted by visits or transitions to hospitals or other care facilities.
Use of home care was more frequent among decedents than survivors, except in the oldest age group, where more survivors had used home care. This was mainly because a large proportion of decedents in the oldest age group lived in some institution, and thus did not need home care.
To the best of our knowledge, this is the first study to compare the health and social service use of decedents and survivors using a one-to-one matched case-control study design. Earlier studies comparing groups of decedents and survivors have not been able to reliably control for factors such as age, gender and municipality of residence, which are likely to be associated with service use, thereby impairing the comparability of the two groups. In our study these possible confounders were standardized. There are, however, other important factors, such as socioeconomic status, that we were not able to control for. Differences in service use between women and men were not a research question in this study, but analyses were done separately for them. There are certain differences, such as the more frequent use of long-term care in women than in men. However, differences between decedents and survivors seem quite similar among both women and men.
Because use of health and social services among decedents and survivors has not been much studied, here we also compare our results with those of studies focusing on the costs of these services. Our results are consistent with the studies reporting that decedents use health and social care resources much more than survivors, 1, 5, 8 and that the differences between them vary by age. 10, 11 There is a consensus that closeness of death is the most important reason for high hospital expenditure, 6, 17 but its role in the use of long-term care resources varies. In our study survival status had an important effect also on the use of long-term care. Focusing on health care expenditure, Hoover et al. 18 and Werblow et al. 7 have concluded that age has no or weak effect when closeness to death is taken into account; focusing on the use of services we found that both age and closeness to death are important factors. The ratios of days in care per stays in care were calculated for each individual. The means and medians of these are presented. According to Wilcoxon's matched pair tests there are statistically significant differences in the use of every services between decedents and survivors in each age and gender group. The ratios of total days in care per total stays in care were calculated for each group.
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Finland is one of the few countries where service information from several sources can be linked by using a personal identification number to create a comprehensive, extensive and reliable dataset. The registers include data on most of the essential health and social services for older people. Nevertheless, important services such as outpatient primary health care, or informal caregiving, an important addition to formal care, are not included in these registers. These are clear limitations of this study.
The data cover all decedents aged !70 years for 1 year and 40% of them for 2 years, but the sample is fairly representative of the underlying study population.
14 Altogether Figure 1 Average monthly utilization of days in hospitals and long-term care in the 2-year-study period, whole sample (d = decedents, s = survivors). Hospital types and long-term care are on different scales.
Age and Closeness of Death 317 5878 decedents had to be excluded from the data, because it was impossible to find a matched surviving counterpart for them. Most of them were aged !85 years, and resident in small municipalities. We do not believe that this impaired our results, since the number of observations after the exclusion was still more than 5000 in the oldest age group. The future use of old age services is also determined by many other factors than demography, such as the general life circumstances of older people and changing medical practices. However, our results suggest that the impact of demographic changes alone is complex; it is not only the number of people in the old age groups that influences the demand for services, but also the remaining average life expectancy in each of these age groups. Thus, population ageing alone may not lead to such a sharp rise in use of services as is often assumed, at least if the average age of death in old age groups continues to rise.
